Abstract-Acetylcholine (ACh) and high KCI-stimulated 45Ca uptake into rat uterine segments was inhibited by 3-deazaadenosine (3-DAA) plus homocysteine thiolactone (HCTL), and this inhibitory effect was attenuated by L-methionine (L Met). Ca-depleted Ringer solution in which uterine muscle had been incubated with L-Met did not enhance the contractile response of another uterine segment to ACh and high KCI in the presence of 3-DAA plus HCTL. These findings together with previous results suggest that the enhancing effect of L-Met on the contractile responses to ACh and high KCI is mainly due to an increase in Ca2+ uptake into the uterine muscle.
Transmethylations of carboxyl groups in proteins and phosphatidylethanolamine (PE) are involved in a number of important physiol ogical processes in various types of living cells (1-3). The methylation of cell mem brane proteins can affect the structure and function of the cell membranes (4). Moreover, the increase of phospholipid methylation in rat mast cells induced by divalent anti receptor antibodies, resulting in Ca2+ influx, and subsequent release of histamine has also been reported (5).
Recently, we found that L-methionine enhanced the contractile responses of isolated rat uterine muscle to acetylcholine (ACh) and high KCI in Ca-depleted Ringer solution upon the addition of CaC12, and we also observed that L-methionine attenuated the inhibitory effect of 3-deazaadenosine (3-DAA) plus homocysteine thiolactone (HCTL), which are blockers of transmethylation (6-8), on the contractile response under this condition (9, 10) .
In this work, we examined the effects of L-methionine and/or 3-DAA plus HCTL on ACh and KCI-stimulated 45Ca uptake by uterine segments from rats. We also tested whether the enhancing effects of L methionine on the contractile response of uterine muscle could be due to the release from uterine segments of a substance(s) that facilitates the contractile response of muscle segments to ACh upon treatment with L methionine. A preliminary report on part of this work has appeared in abstract form (11) .
ACh and KCI-stimulated 45Ca uptakes by uterine segments from rats were examined under similar conditions to those used for studies on the effects of L-methionine on the contractile responses of isolated rat uterine muscles to ACh and high KCI in Ca-depleted Ringer solution (9, 10) . Uptakes were measured by the previously reported method (12) .
The composition of Ca-depleted modified Locke-Ringer (Ca-depleted Ringer) solution was as follows: 135.6 mM NaCI, 5.4 mM KCI, 0.1 mM ethylene glycol bis ((3 aminoethyl ether) N,N'-tetraacetic acid (EGTA), 0.2 mM MgCl2, 0.4 mM KH2PO4, 20 mM NaHC03, 0.6 mM Na2HP04 and 2.8 mM L-glucose.
In all the following experiments, the solution was bubbled with 5% CO2 1n02 at 30°C (pH 7.4). For measure ment of KCI-stimulated 45Ca uptake, the uterine muscle segments were immersed in Ca-depleted high KCI (40 mM KCI) modified Locke-Ringer (Ca-depleted high K Ringer) solution (which had the same composition as Ca-depleted Ringer but with KCI instead of NaCI) for 10 min at 30°C, and then CaC12 (1 mM) with 45CaC12 (0.5-1 ,uCi/tube) was added. As a control, Ca-depleted Ringer solution was used instead of Ca-depleted high K Ringer solution.
For measurements of ACh-stimulated 45Ca uptake, ACh (300 ,uM) was added to the organ bath; and 2 min later, CaC12 (1 mM) with 45CaC12 (0.5-1 ,aCi/tube) was added. As a control, instead of ACh, the same volume of Ca-depleted Ringer solution was added to the organ bath. L-Methionine and/or 3-DAA plus HCTL were added to the muscle bath 15 and/or 10 min, respectively, before the addition of CaC12 with 45CaC12. After addition of CaC12 with 45CaC12, the mixtures containing high KCI and ACh were incubated at 30°C for 5 and 2 min, respectively.
KCI and ACh stimulated 45Ca uptakes were calculated as the differences between the uptakes in the absence and presence of 40 mM KC! and 300 ,uM ACh, respectively. To determine if upon treatment with L-methionine the uterine segments release a substance(s) that enhances their contractile response to ACh, in each of two 1 -ml organ baths (A and B) containing Ca-depleted
Ringer solution was placed a segment (about 1.5 x 10-12 mm) from an estradiol-treated rat. The experimental procedure (shown in As shown in Fig. 1, A and B, KCI and ACh stimulated 45Ca uptakes were significantly inhibited by 69 and 83%, respectively, by 500 lM 3-DAA plus 1 mM HCTL, which almost completely inhibited the contractile responses of isolated uterine muscle to KCI and ACh in Ca-depleted Ringer solution on addition of CaC12 (10) . Moreover, the inhibitory effects of 500 ,€M 3-DAA plus 1 mM HCTL were significantly attenuated in the presence of 3 mM L-methionine and its attenuating effect was dose-dependent (Fig.  1C) , although the enhancing effects of L methionine were not significant. The ED50 value of L-methionine for its attenuating effect on ACh-stimulated 45Ca uptake in the presence of 500 uM 3-DAA plus 1 mM HCTL was about 0.8 mM (Fig. 1 C) , and this value was comparable with that on the con tractile response of isolated uterine muscle to ACh in the absence of transmethylation blockers (10) . L-Methionine at 3 mM and/ or 500 uM 3-DAA plus 1 mM HCTL did not affect the basal 45Ca uptake in the absence of 40 mM KCI or 300 aM ACh (data not shown).
The results in Fig. 2A indicated that the enhancing effect of L-methionine was not due to release from uterine muscle treated with L-methionine of a substance(s) that facilitated the contractile response to ACh, because Ca-depleted Ringer solution in which uterine segments had been preincubated with L-methionine for 15 min in presence of 3-DAA plus HCTL did not enhance the contractile responses of another uterine muscle to 30 uM and 300 PM ACh.
Previously we found that L-methionine enhanced the contractile responses of isolated rat uterine muscle to ACh and high KCI in Ca-depleted Ringer solution on addition of CaC12, and we observed that the inhibitory effect of 3-DAA plus HCTL on the con tractile responses to ACh and high KCI were attenuated by L-methionine (9, 10). These enhancing effects of L-methionine on the contractile responses to ACh can be explained by supposing that it causes some of the following changes in the steps in stimulation contraction coupling as indicated previously and (e) seem unlikely (9, 10, 13) . In this work, we indicated that an enhancing effect of L-methionine on the contractile responses to ACh and high KCI was not due to step (a) but due to step (d). From the result of Fig.  1 C, we consider that the attenuating effect of L-methionine on ACh-stimulated 45Ca uptake in the presence of 500 uM 3-DAA plus 1 mM HCTL is qualitatively similar to the enhancing effect of L-methionine on the contractile response of isolated uterine muscle to ACh as reported previously (10) . The effect of L-methionine and/or 3-DAA plus HCTL was not due to an affect of the intracellular Ca2+ pool in uterine muscle, because the uterine muscle was immersed in Ca-depleted Ringer solution for a minimum of 60 min. Under this condition, no con tractile response of the uterine muscles was elicited by high KCI or ACh if CaC12 was not added (12) . In the present experiment, it is uncertain whether the enhancing effect of L-methionine is due to the increase of Ca influx and/or the decrease of Ca efflux. However, Landon et al. (14) reported that the contractile response of rat aorta to high KCI was enhanced by L-methionine and suggested that L-methionine enhanced and HCTL depressed the KCI-stimulated influx of calcium into rat aorta strips. They also showed that L-methionine had no effect on Ca efflux.
If L-methionine acts on uterine muscle with the same mechanism as that on rat aorta, the enhancing effect of L-methionine on the contractile response reported previously (9, 10) seems mainly due to its effect in increasing Cat uptake by uterine muscle segments. Inhibition of lymphocyte-mediated cytolysis by 3-deazaadenosine:
Evidence for a methylation reaction essential to cytolysis. Proc. Natl. Acad. T Fig. 2 . Effect of Ca-depleted Ringer solution of uterine muscle pre-incubated with L-methionine on the contractile response to ACh on addition of CaCl2 (5 MM) (A) and the experimental procedure for determining this effect (B). A: First, the uterine muscle was immersed in Ca-depleted Ringer solution for a minimum of 60 min at 30'C. All contractile responses were observed in the presence of 300 1iM 3-DAA plus 300 ,uM HCTL. Open columns indicated as the control show the contractile responses to 30 and 300 uM ACh, respectively, in the absence and presence of 3 mM L-methionine.
Shaded columns indicated as Exchanged show the effect of Ca-depleted Ringer solution of uterine muscle preincubated without or with 3 mM L-methionine on the contractile responses to 30 and 300 pM ACh, respectively. For recording isotonic contractions, each muscle was preloaded with 100 mg weight.
Columns and bars are means and standard errors for values of segments from 14 to 25 animals. *P<0.002, compared with the contractile response to 30 or 300 pM ACh in the absence of 3 mM L-methionine.
B: Arrows indicate the addition of a substance.
Symbols (a) to (i) indicate the order of the procedures as described in the text.
